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Measurements of longitudinal beam properties in the Stanford Linear Collider (SLC) damping rings have been made using a Hamamatsu, model N3373-02, 500-femtosecond streak camera[ 11. The dependence of bunch length on current and accelerating RF voltage was measured. The energy spread dependence of current was also measured. The turbulent instability threshold for the 10 SLC damping ring is at the current of 1=1.5-2.0~10 particles per bunch.
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Data Analysis and Systematic Errors
The measurements were performed on either the SLC electron or positron damping ring when the opportunities for beam time became available. We are not aware of any differences in the performance of these rings that would affect the results.
The streak camera uses synchrotron light produced in a bend magnet to determine the longitudinal bunch distribution. The light optics is described in reference 2. Longitudinal profiles of the beam distribution are fitted to an asymmetric Gaussian function given by where Zo=pedestal, Z,=peak of the asymmetric Gaussian. The term sgn(z-?)A is the asymmetry factor which parameterizes the shape of the asymmetric Gaussian. A chi-square minimization is performed on each streak camera picture.
The systematic errors addressed using the streak camera are: 1) dispersion in the light optics, 2) the slit width of the camera, and 3) the space charge effect at the photo cathode.
Dispersion in the glass elements of the optics can be minimized by using a narrow band interference filter. The peak spectral response of the streak camera is 500nm, and the interference filter used is centered at 500nm with a 40nm full width half maximum acceptance.
The slit width contributes to the resolution of the streak camera, by choosing 200pm or less this contribution is negligible.
To eliminate the intensity effects on the photo cathode, the multichannel plate gain was set to its maximum setting In addition, beam related background light is detrimental to the signal to noise ratio of the streak camera. A light chopper, triggered on the same beam pulse as the streak camera, is used to reduce the background to acceptable levels.
Single Particle Properties
A number of beam properties depend on single particle behavior. They are calculable and can be used to validate the potential of the camera. They are: 1) the longitudinal damping time, 2) the dependence of bunch length on gap voltage, and 3) the synchrotron period.
The longitudinal emittance in the damping ring damps exponentially. The bunch length versus time elapsed since injection can be used to determine the longitudinal damping time. After the beam is injected the streak camera is triggered on damping ring turn 5000 where ten measurements of the bunch length are made. Each subsequent 1000 turns the measurement is repeated until the bunch length is fully damped. The mean bunch length is computed for each time setting, and the data was fit to the function where the points are weighted by the root mean error squared. The fitting parameters are oeq the equilibrium bunch length, oini the injected bunch length, and the longitudinal damping time zs. The measured damping time for the positron damping ring is r6 =1.87+0.13msec. 9.4104 : . , , " ' I " " I " " I " " I " " I ' ' " I " " . " "' ' " ' " " I ' * " ' ' " ' I " ' " ' " ' " ' " The theoretical longitudinal damping time can be calculated by knowing the beam energy and magnetic field strengths of the magnets. The calculated value is r~ = 1.79 msec [3] which is in agreement with the measured value.
The equilibrium (low current) bunch length in a storage ring is inversely proportional to the square root of the RF accelerating gap voltage. figure 3 the solid line is the fit to the data and the dashed line is the expected curve based on damping ring accelerator parameters.
After injection, the bunch length oscillates in size, and fitting the bunch length to the function ~( t )
the synchrotron period T, = 2 can be determined. The time scale of longitudinal damping and filamentation is much longer than the 400 damping ring turns over which the measurement was performed, so they can be ignored. The bunch length is measured 3 times every 10 turns starting at injection. The fit to the data is the solid line in figure 4 . The measured synchrotron period is T, = 9.835 f 0.012 , U sec which agrees with the expected value of T, = 9.834 p sec. These results prove the usefulness of the streak camera for measuring longitudinal properties of the damping ring beam.
IV. High Current Measurements
The energy spread was measured as a function of current using a wire scanner in the transport line of the extracted beam. Given the dispersion, emittance, and beta function at the wire scanner the energy spread can be calculated from 5 where qx=-0.5667m, Px=5.41m, yX=4x1O-m rad, and the energy is E=l. 19GeV. voltage in the damping ring at a current at 1=3.3x10 10 .
The bunch length increases and the distribution changes as the current increases. This is shown in figure 7 .
Electron Bunch Distribution Bunch length results are presented in figure 8. There is significant bunch lengthening due to potential well distortion below the turbulent threshold current of 1.5-2~1 0~~. This bunch lengthening continues above threshold
The asymmetry factor in the fitting function measures the departure from a Gaussian. Results are presented in figure 9 . There is some asymmetry at low current that increases steadily due to potential well distortion. The bunch is highly asymmetric in the turbulent regime, but the dependence on current is not as strong. 
V. Conclusion
The longitudinal damping time and synchrotron tune measurement are in excellent agreement with theoretical calculations for damping rings.
The measurements of bunch length versus intensity and gap voltage provide a basis for testing our understanding of the damping ring impedance. These measurements combined with our knowledge of the impedance and other studies of the damping ring behavior serve as a guideline for the design of next generation damping rings.
